INTRODUCTION
The mathematical modeling of the chemical reactions usually regards their behavior in reactors where processes are steady, so that the temperature and pressure are constant. The composition of the reaction products at equilibrium is determined by the law of mass action using the equilibrium constants which take into account a constant pressure.
However, there are cases when the reaction is carried out at constant volume (for example, combustion in a piston engine cycle). We will show that, at constant volume, the expressions of equilibrium constant differ from those which are specific to reactions at constant pressure. The influence of the mathematical model changes on the composition of the combustion products, depending on the combustion temperature, will be analyzed in this paper.
LAW OF MASS ACTION
We will refer to the law concerning the chemical equilibrium. where KC = equilibrium constant in terms of concentrations Ci = concentrations of species [ ]i. i = stoichiometric coefficients A similar expression of equilibrium constant can be derived in terms of pressures or molar fractions.
The last shows a special interest, since it can be expressed as a function of thermodynamic properties of the reaction participants:
where KX = equilibrium constant in terms of molar fractions (used for reactions in gas phase).
Xi = molar fraction of species [ ] i. It is well known that, for the reactions occurring at constant pressure and temperature, the chemical equilibrium is reached then when the Gibbs free energy of the given system gets minim:
which is equivalent to the condition:
where
Gibbs free energies of species [ ]i of reactants and of reaction products respectively, the thermodynamic function G being defined be the expression
wherein U = internal energy, S = entropy, p = pressure, T = absolute temperature, V = volume. By processing equation (5), an explicit formula of the equilibrium constant in terms of molar fractions is derived, which is very useful for the reactions in gas phase occurring at constant pressure and temperature [1] , [2] :
where p0 = standard reference pressure, p0 = 1.013 bar, then
and R = universal gas constant, R = 8.314 kJ/kmol.K, notation [¯] referring to the "molar" quantities. 
EQUILIBRIUM CONSTANT AT CONSTANT VOLUME
In what follows, a similar formula of the equilibrium constant will be derived, but for a reaction taking place at constant volume. Accordingly, under the 1'st law of Thermodynamics, the thermal effect of the reaction is related to the change in internal energy of the system:
On the other hand, according to the 2'nd law, the total (universal) entropy system+surroundings must increase: 
Since the reaction is considered to take place at constant volume and constant temperature T equal to that of the surroundings, by applying (10), the above inequality becomes:
According to the definition of Helmholtz free energy:
the condition (14) reduces to
At equilibrium, the Helmholtz free energy reaches its minimum value:
Under these circumstances, similarly to equation (7), the equilibrium constant for the reactions taking place at constant volume and temperature will have the expression:
The above equation can be processed as below, considering the relation between the free energies:
is given by (9).
By replacing in (18), the formula of the equilibrium constant for the reactions at constant volume is found:
or, by comparing to (7):
where the pressure p in (23) is the final pressure obtained when a chemical reaction at constant volume reaches its equilibrium. It can be observed that, for a reaction showing a difference between the total number of moles of reactants and the reaction products, the equilibrium constant at constant volume is different from that at constant pressure.
Thus: -if the total number of moles of reaction products exceeds the total number of moles of reactants, then the reaction constant at constant volume is higher than in the case of constant pressure, hence the equilibrium shifts to products forming; -if the total number of the reaction products moles is less than the total number of the reactants moles, then the reaction constant at constant volume is lower than in the case of constant pressure, hence the equilibrium shifts to the reactants.
EXEMPLIFICATION FOR THE CASE OF COMBUSTION OF CARBON IN OXYGEN
Let's consider the chemical reaction of combustion of pure carbon (graphite) in oxygen, wherein products of incomplete combustion are present as well. Globally, this can be described by the equation: The composition of combustion products at various temperatures will be analyzed by comparison, considering the chemical equilibrium separately, at constant pressure and constant volume.
The equations of simple reactions leading to overall reaction (25) are:
For the above reactions, the equilibrium constants in molar fractions will be considered, ignoring the solid phase:
By adding the normation equation: 1
the system of equations which determines the molar fractions of combustion products in gas phase will be found. By solving the system, one yields:
Formulas (31), (32) and (33) determine the composition of the combustion products of (25) at equilibrium, at a given temperature and pressure, depending on the equilibrium constants.
These equilibrium constants will be computed in the following at both reaction conditions: constant pressure and constant volume.
Calculation of the equilibrium constants for the reaction at constant pressure p = p0
The equilibrium constants 
The composition of the reaction products will be analyzed at 3 temperatures: 1000 K, 2000 K and 3000 K.
The thermodynamic data are taken from [3] , [4] and [5] and the values of the computed equilibrium constants are presented in tables 1, 2 and 3.
The total number of the combustion products moles in the gas phase which occurs in equation (25) is:
so that the molar fractions of corresponding components can be expressed as: The following notations will be used in the next: Tab.3 -Calculation of equilibrium constants for reactions of formation and combustion of CO at constant pressure The results from table 3 will be introduced in (31), (32), (33) and (38) and the values presented in table 4 will be obtained.
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Tab. 4 For the application of formula (24), the variation of the moles number (gas phase) will be computed in the two simple reactions (formation and combustion of CO): 
By applying formula (24) to the equilibrium constants from -0.0473 -0.0078
In figures 1, 2 and 3, the variation of the molar fractions of O2, CO and CO2 with temperature is plotted, by comparison -at constant pressure and at constant volume. 
CONCLUSIONS AND COMMENTS ON THE RESULTS
By analyzing the data shown in the presented tables and diagrams, the following observations come out:
1) The percentage of unconsumed oxygen in the combustion gases is almost the same in both models (constant pressure and constant volume, respectively). However, the amount of unconsumed oxygen increases along with the combustion temperature.
2) The percentage of CO in the combustion gases is higher in the case of constant volume and increases along with the combustion temperature. In other words, the combustion at constant volume is more polluting than at constant pressure.
3) The percentage of CO2 obtained by combustion at constant volume is lower than at constant pressure, the differences rising along with the combustion temperature. 4) In tables 4 and 5, small negative values of coefficient  can be observed, which means that, in fact, more than 1 mole of carbon gets in the reaction. However, at constant pressure (table 4) , one observes that at 3000 K,  = 0.1323, which shows traces of smog in the combustion products. According to this model, at constant volume, no smog is present in the composition of the combustion products. 5) Increasing of the percentage of incomplete combustion products along with the temperature rise is in agreement with Le Chatelier principle, which states that, in the case of exothermic reactions, a temperature rise shifts the equilibrium towards the reactants. Based on the above analysis, we can conclude that in the case of the carbon combustion in pure oxygen, at low temperatures, no significant differences between the results given by the models of equilibrium at constant pressure and constant volume occur, while at higher temperatures (as usual combustion processes with energetic effects happen), combustion at constant volume changes the weight of incomplete reaction products. In the case of the carbon combustion in oxygen at constant volume, when comparing to the constant pressure condition, the equilibrium moves according to the variation of the moles number in the simple reactions. Thus: -at formation of CO, the variation of the moles numbers is positive, equilibrium shifts to the right; -at combustion of CO, the variation of the moles numbers is negative, equilibrium shifts to the left. It is also expected that other features of combustion (heat released, energetic efficiency, flammability limits versus air/fuel ratio and others) in the case of the combustion at constant volume will be affected by adopting the model of constant volume equilibrium, different from that of constant pressure.
